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Experimental renal disease due to schistosomiasis
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A possible association between schistosomal in-
fections and renal lesions has been suspected for
some time. The earlier observations were based
mainly on clinical features such as proteinuria and
the presence of morphologic abnormalities in renal
biopsy or postmortem material. Unfortunately, the
etiology and the pathogenesis of these abnormal-
ities, as well as evidence of their correlation with
the infection, are still not fully understood. Some of
the questions have been solved in the last few years
in detailed studies of patients or experimental mod-
els of infection (for example, immune complex
types of lesions, antigens, and immunoglobulins in-
volved), but several questions remain unclarified,
such as how the lesions start and the nature of the
mechanisms responsible for their perpetuation.
Experimental models for renal lesions
Animal models for studies of renal lesions associ-
ated with schistosomal infections have been estab-
lished in a variety of animals, from mice to chim-
panzees, by using the important species of schisto-
somes infecting man, that is, Schistosoma inansoni,
Schistoso,na japonicum, and Schistosoma hae,na-
tobium. Although there are similarities between the
lesions in S. mansoni and S. japonicum infections,
the kidney damage due to S. haematobium is dif-
ferent.
S. mansoni models. An extensive search was
conducted in the past to establish the degree of sus-
ceptibility of various mammals to different strains
of S. mansoni in order to find suitable animal mod-
els for pathologic and other studies of human schis-
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tosomiasis [1—5]. Many of these studies were done
in rhesus monkeys [6-13] or baboons [14-181; the
latter are well suited for such studies because they
serve as reservoir hosts in Africa [17—19]. Sadun,
Von Lichtenberg, and Bruce [201 compared suscep-
tibility and pathology of ten species of primates ex-
posed to S. tnansoni and concluded that although all
of them could be infected, the course of infection
varied considerably with a tendency toward gradual
self-cure in most of them; egg excretion was main-
tained over relatively long periods in the baboon
and chimpanzee. Unfortunately, in all of the studies
mentioned above, little or no attention was paid to
the nature of the kidney lesions: Sadun et al [21], in
a more detailed study on young chimpanzees sacri-
ficed 7 months after infection, stated that the clini-
cal symptoms, parasitologic and serologic findings,
as well as the pathologic lesiOns, resembled the
course of infection described in man. Although they
reported the occasional finding of eggs in the kid-
ney, there was no mention of pathologic or histolog-
ic lesions in the kidneys. In a later study [221, they
exposed chimpanzees either (a) to single high infec-
tions (250 to 2,000 cercariae) and performed the
necropsy between 7 and 36 months later, or (b) to
infections with smaller monthly doses (100 to 250
cercariae) for 24 to 36 months after first exposure.
They confirmed the pathologic findings in liver, co-
lon, and lungs but did not mention any abnormal-
ities in kidney. They stated, however, that the or-
gans of all chimpanzees that we have not spec ifical-
ly described were either unremarkable or showed
minor and insignificant lesions."
De Brito et a! [23] described glomerular lesions in
three Ce bus apella monkeys exposed to primary in-
fection with 120 to 550 cercariae of S. mansoni. The
animals were subsequently challenged with dif-
ferent doses of cercariae at different time intervals
to study the effects of these variables. Evidence for
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established infections was presented by findings of
viable schistosome eggs in feces. Morphologic stud-
ies were done on kidneys taken at necropsy 13 to 26
months after primary infection. Light microscopy
showed slightly enlarged (or normal) glomeruli with
mild focal hyperplasia and hypertrophy of mesangi-
al cells but with no thickening of the basement
membranes. In some glomeruli there was swelling
of endothelial cells, which partly or completely ob-
literated the lumina of peripheral loops. Electron
microscopy disclosed focal, small electron-dense
deposits distributed beneath the epithelial and
endothelial part of the glomerular basement mem-
brane, and in some parts the deposits were located
also in the basement membrane proper. In the latter
cases, there was sometimes a peripheral clear halo
of irregular thickness. In immunofluorescent stud-
ies, done on two animals only, irregular deposits of
immunoglobulins were found in most glomeruli.
Staining for components of complement, antigens,
or elution studies were not done. No significant dif-
ferences between lesions were reported with re-
spect to the dose of infection.
Brack et al [2411 studied kidneys of nine female
baboons (Papio cynocephalus) infected primarily
with 1,000 and 3,000 cercariae of S. mansoni and
killed after 4 to 38 months. For comparison, they
used 18 normal captive baboons of both sexes.
Light microscopic examination of kidney sections
showed glomerular lesions ranging from focal thick-
enings of the basement membrane or mesangial ma-
trix to more advanced lesions and focal chronic gb-
merulitis. The lesions tended to increase with age in
normal animals, and infected animals showed similar
appearances. Immunofluorescence microscopy did
not show any significant deposits of IgG or C3 in
infected animals although focal staining along the
capillaries or mesangial areas was recorded in some
normal (noninfected) animals.
Andrade and Susin [251 reported interesting re-
sults in mice infected via tail vein injections with
150 cercariae. Some of the animals showed protein-
uria, but repeated histologic examination of kidneys
by light microscopy failed to show glomerular le-
sions at intervals of 47 to 67 days after infection.
Electron microscopy, however, revealed the pres-
ence of irregular electron-dense deposits, located
mainly in the mesangial areas and on the epithelial
side of the glomerular basement membrane; in addi-
tion, immunofluorescent staining showed the pres-
ence of IgG deposits in mesangial areas and along
the capillary walls. Unfortunately, they did not test
for the presence of antigens.
The first demonstration of schistosomal antigens
in the immune complex nephritis of animals infect-
ed with S. mansoni was reported by Natali and Cioli
[26, 271. Mice infected with 20 cercariae had no sig-
nificant lesions after 2.5 months, whereas about
50% of mice infected with 100 cercariae showed his-
tologic changes that correlated with deposits of im-
mune complexes and proteinuria. By light micros-
copy, the glomerular lesions were localized mainly
in the mesangial areas, and in a few animals there
was distortion and thickening of the glomerular
basement membrane by deposits that were PAS
(periodic acid Schift) positive. In immunofluo-
rescent preparations, deposits of mouse immuno-
globulins (mainly 1gM and IgG2) and the third com-
ponent of complement (C3) were found in a diffuse
and finely granular pattern in the mesangium; a lum-
py-type pattern of staining in the basement mem-
branes was detected occasionally. Positive immu-
nofluorescent staining was not demonstrable 30
days after infection but was detectable at 50 days.
The demonstration of antigens, by using specific
rabbit conjugates prepared from antiserum to a ho-
mogenate of adult worms of S. mansoni, was
achieved in about 20% of animals showing glomeru-
lar deposits. In animals with single-sex infections,
the incidence of nephritis was significantly reduced.
Renal pathology in golden hamsters infected with
S. mansoni was studied by Hillyer and Lewert [281.
In animals infected with high doses of cercariae
(checked by recovery of adult worms, which ranged
from 200 to 1,050), the first renal lesions were ob-
served by week 7 of infection; histologic changes,
found in about two-thirds of the animals, were char-
acterized by mesangial and endothelial glomerular
hypercellularity, gbomerubosclerosis, and tubular di-
latation. In hamsters with lower doses of infection,
the lesions were similar but restricted to fewer
glomeruli and appeared later (from 49 days after in-
fection). Immunofluorescent deposits were seen in
three animals only. All showed focal and segmen-
tally positive staining for immunoglobulins in finely
to coarsely granular patterns. The presence of com-
plement or antigens was not investigated. Detailed
analysis of the results showed quite clearly that the
worm burden does not appear to be the limiting fac-
tor in the induction of renal disease; some of the
animals with a high recovery of worm pairs (50 to
200) did not show any pathology, but hamsters with
very low recoveries (as little as one pair) had focal
glomerulonephritis 37 weeks after infection.
A more detailed study of antigens related to renal
lesions was done in Kenyan baboons (Papio anubis)
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infected with a local strain of S. mansoni in our lab-
oratories [291. Animals were exposed per-
cutaneously to different doses of cercariae (ranging
from 200 to 5,000) at primary infection and killed at
different intervals (between 10 to 78 weeks); some
of the animals were challenged at different inter-
vals. All the animals developed patent infections as
demonstrated by recoveries of adult worms, excre-
tion of eggs in the feces, and recovery of eggs from
tissues [301. Kidney specimens were examined by
light and fluorescent microscopy. It was difficult to
detect antigens by immunofluorescence (direct or
indirect) but countercurrent immunoelectropho-
resis gave much better results. When immuno-
fluorescence was used, 70% of the animals showed
positive granular staining for immunoglobulins. An-
imals killed early in the course of infection usually
showed focal and segmental distribution of depos-
its, mainly 1gM. In infections of longer duration,
there were deposits of 1gM and IgG and sometimes
of C3. These lesions were tentatively designated as
"mild" lesions and may represent early damage as
they are not associated with serious failure of kid-
ney functions (proteinuria was only slightly ele-
vated or negative). Of 103 baboons examined, 6
showed intense, diffuse, granular staining in all
glomeruli, all positive for 1gM, IgG, and C3. These
lesions were recorded as "severe." Antigens to
worms and eggs were demonstrated in a few cases
by immunofluorescence, usually after removal of
immunoglobulins. Countercurrent immunoelectro-
phoresis, done on eluates from the cortex of the kid-
ney (or on acid homogenates), revealed positive
findings for worm antigens in all but one of the kid-
neys with severe lesions, and of egg antigens in one-
half of them. Countercurrent immunoelectropho-
resis also detected antigens in some animals with
mild lesions and, surprisingly, in several baboons
without any immunoglobulins present in glomeruli.
This finding suggests that antigens may be depos-
ited directly in the glomeruli. Direct evidence, how-
ever, is still lacking, since the antigens in these ani-
mals may be deposited in other parts of the cortical
kidney tissue. Light microscopy showed a normal
kidney architecture in most of the animals. Slight
mesangial proliferation with localized thickening of
the glomerular capillary walls in a few glomeruli,
occasionally PAS-positive, was found in some of
the "mild" lesions. The "severe" lesions showed
proliferative (two cases) and the membranoprolif-
erative (four cases) glomerulonephritis. The at-
tempt to correlate the renal lesions with other find-
ings showed that the "severe" lesions occurred on-
ly in baboons with prolonged heavy infections.
Otherwise there was no apparent correlation be-
tween the distribution of kidney lesions and adult
worm recoveries, excretion of eggs in the feces, or
recovery of eggs from tissues. Similarly, there was
no evidence for an association between the levels of
cell-dependent cytotoxicity antibodies, estimated
by chromium release from labeled schistosomula
[311 and the development of renal lesions. Anti-
bodies to worm antigens in serum (estimated by in-
direct immunofluorescence) followed the usual pat-
tern; that is, 1gM antibodies appeared first, followed
by IgG antibodies, with challenge infections
markedly increasing IgG antibodies. There was no
significant correlation, however, between the serum
titers of these antibodies and the presence of renal
lesions.
S. japonicum models. Studies in rhesus monkeys
infected with a human strain of S. japonicum re-
vealed that the course of infection and pathologic
lesions observed only partly simulate the findings
described in autopsy specimens from man [32, 331.
A comparative study done on rhesus monkeys and
chimpanzees suggested that lesions in chimpanzees
more closely resembled those seen in man [341. For
this reason, the first detailed study of renal lesions
was done on chimpanzees by von Lichtenberg et al
[351. They infected ten young animals with a single
exposure of 50 to 2,000 cercariae and killed them
between 2 to 17 months later. Five other animals
received additional exposures, totalling 250 to 4,000
cercariae, and were killed 5 to 17 months after the
first infection. Detailed parasitologic, clinical, and
pathologic observations confirmed the course of in-
fection. Macroscopically, no significant changes
were observed on kidneys at necropsy. By light mi-
croscopy, glomerular pathology varied from nega-
tive findings in three animals (exposed to single
dose of 50, 750, and 2,000 cercariae, respectively)
through mild lesions with minimal changes in some
glomeruli (three animals), to more advanced and se-
vere lesions (eight animals). Advanced lesions were
characterized by an increase of mesangial matrix
and proliferation of mesangial cells, focal prolifera-
tion of capsular epithelium, and thickening of the
basement membranes in some of the loops. The
most severe lesions were described in one animal
who was initially infected with 2,000 cercariae, then
challenged with the same dose, and killed after 17
months. Comparison with other pathologic findings
showed a correlation with severity of liver patholo-
gy, that is, development of pipe-stem fibrosis. Renal
lesions developed about 6 months after exposure
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(later than liver lesions). Unfortunately, immuno-
fluorescence and ultrastructural investigations were
not performed. The presence of necrotizing arteritis
in other organs of these chimpanzees might, as sug-
gested by the authors, be relevant to the pathogene-
sis of the renal lesions involving antigen-antibody
complexes.
Sadun et al [361 studied the effect of therapy with
a nitrovinylfuran derivative on the evolution of in-
fection and pathologic lesions in chimpanzees in-
fected with different doses of cercariae (320 to
1,750) in a single exposures. Four out often animals
infected and treated with the drug (killed between 4
to 16 months after infection) developed renal le-
sions; the remaining six animals showed either neg-
ative findings or minimal focal mesangial expan-
sion. In the control group of seven animals, infected
but not treated, four chimpanzees had renal lesions,
one had very mild focal findings, and the remaining
two showed minimal focal mesangial proliferation.
The authors concluded that the therapy had a pro-
nounced effect on the degree of schistosomal ne-
phropathy. With respect to the findings mentioned
above [351, it is interesting that necrotizing arteritis
was very rare (one animal only) in animals receiving
therapy compared to the nontreated group (four out
of seven animals).
Cavallo et al [37] studied the lesions induced in 15
chimpanzees infected with single or repeated doses
ranging from a total of 50 to 4,000 cercariae and
killed from 3 to 17 months later; five uninfected ani-
mals served as a control. Ten of the infected ani-
mals developed renal lesions. In general, the degree
of glomerular injury was related to the intensity of
infection and to the degree and duration of portal
liver fibrosis. Early in the infection, only focal le-
sions, which exhibited mesangial matrix expansion
and mesangial cell proliferation, were found. Later,
a larger number of glomeruli were affected, showing
diffuse hypercellularity, glomerular basement mem-
brane thickening, and mesangial sclerosis. Elec-
tron-dense deposits were also found in mesangial
areas of these kidneys. Surprisingly, only faint de-
posits of C3, mainly in the mesangial areas, were
detected by immunofluorescence, and there were
no deposits of immunoglobulins or properdin.
Hamsters, infected with Philippine and Japanese
strains, (5 to 20 worm pairs recovered) developed
lesions by 8 weeks after infection [28]. Light mi-
croscopy showed mild focal tubular dilatation and
focal glomerular hypercellularity with mesangial
proliferation. In immunofluorescent preparations,
there were fine to coarsely granular deposits distrib-
uted segmentally in a few glomeruli. Kidneys from
normal controls had none of these changes.
Early development of glomerulonephritis in mon-
keys, Macaca fascicularis, in heavily infected ani-
mals was reported by Tada et al [38]. Immuno-
fluorescent studies revealed deposits of IgG, 1gM,
and IgA, together with complement and schisto-
somal antigen in mesangial areas. This finding sug-
gests deposition of whole immune complexes. They
also found IgE in the deposits and discuss the possi-
bility that antigen-IgE interactions could be respon-
sible for increased vascular permeability, thus facil-
itating the deposition of circulating complexes and
resulting in the rapid development of kidney dam-
age.
The rabbit model of S. japonicum infection for
studies of renal lesions was introduced by von Lich-
tenberg, Sadun, and Bruce [39]. Six rabbits infected
with 400 cercariae developed severe infections. At
autopsy, 3 months after infection, the following le-
sions were described: mild proliferative glomerulo-
nephritis with an increase of the mesengial and, to a
lesser extent, of the epithelial cells in one animal,
similar but fewer lesions in two, and focal inter-
stitial nephritis only in the three remaining animals.
The authors suggested that milder changes in these
rabbits (when compared with chimpanzees) might
be due to the short duration of the infection. Hillyer
Sadun, and Bruce [40] studied circulating antigens
of adult worms and DNA in rabbits during 18-week
infections. They were not able to demonstrate ei-
ther of them, and they concluded that this may be
the reason for rather mild lesions described above.
Jones et al [41] infected 12 rabbits with 50 to 250
cercariae (Philippines strain), and some of them
were challenged after 11, 21, or 31 weeks. Two ani-
mals died, and the rest were killed at 32 to 38 weeks
after primary exposure together with four non-
infected controls. Three infected rabbits presented
evidence of glomerulopathy or nephritis. One rab-
bit, infected with a total dose of 300 cercariae
showed very mild lesions, consisting of focal areas
of hypercellularity in a small proportion of glomeru-
Ii. The second, infected with one dose of 100 cer-
cariae, and a third, exposed to a total of 650 cer-
cariae, showed diffuse lesions with enlarged gb-
meruli, widely dilated capillaries (mostly with
obliterated lumens), focal areas of membranous
thickening, proliferative changes, and expansion of
matrix with positive PAS staining. Thus, 20% of
these rabbits developed "severe" lesions. Immuno-
fluorescent findings could not be evaluated, as kid-
ney sections from all rabbits (including controls)
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had positive staining for IgG, 1gM, and C3, and
most were positive for IgA. Attempts to demon-
strate the presence of antigens, using sera from hu-
man infected with S. japonicum, by an indirect
technique were negative.
S. haematobium models. Kidney lesions from S.
haematobium infections of man differ substantially
from those of other schistosomes because the
worms primarily reside in vesical plexuses. The
main pathology, therefore, is related to the lower
urinary tract, that is, ureters and bladder, and is as-
sociated often with obstructive lesions causing py-
elonephritis and hydronephrosis. In addition, a va-
riety of geographic strains of S. haematobium,
characterized by infectivity to different snail hosts
and by different pathologies in mice and hamsters,
made it difficult to establish models of this infection
relevant to human symptomatology in small labora-
tory animals [42—451. For this reason, most of the
models introduced were developed in primates,
mainly nonhuman [46-511.
Different strains of baboons were found to be sus-
ceptible to S. haematobium [45, 47, 48, 52-54]. The
animals produced viable eggs in the urine and feces,
but gradual decrease in egg production was ob-
served in most of the long-term (2 years) studies. In
addition, there was evidence of resistance to super-
infection by repeated exposures, less pronounced in
some experiments [48] but more pronounced in oth-
ers [45]. The main pathologic findings in the urinary
system were polypoid granulomatous changes in
the bladder and ureters with deposition of eggs, and
with cystitis cystica as a characteristic feature of
the more chronic infections [451. Hydronephrosis,
associated with varying degrees of pyelonephritis,
developed in some of the animals, for example, in 3
out of 20 animals in the study of Webbe, James, and
Nelson [45], despite normal values for blood urea
concentration and urine creatinine excretion. Jor-
dan, Von Lichtenberg, and Goatly [48] saw no hy-
dronephrosis in 15 infected baboons. Eggs were re-
covered also from genital organs of both sexes, as
well as from gut and liver.
Susceptibility of chimpanzees to S. haematohium
was studied in detail by Sadun et al [55]. As in other
monkey models, viable eggs were recovered from
both feces and urine. Major pathologic findings
were described in the bladder, ureters, kidney, gut,
and abdominal lymph nodes; milder changes were
observed also in the genital organs, lungs, and liver.
The main changes in the bladder were polypoid, fi-
brous and sandy patches in various combinations—
sometimes all of them being present in the same
bladder. These patches contained large numbers of
eggs, frequently aggregating in clumps and occupy-
ing the center of composite granulomata. Adult
schistosomes were sometimes found in underlying
veins. Similar findings were observed in the ureters.
The eggs were found also in the kidneys, mainly
near arterial branches at the corticomedullary junc-
tion, but never in glomeruli. Ascending pyelone-
phritis was present in two out of eight animals in-
vestigated: one of these was associated with unilat-
eral renal atrophy, the other with bilateral
hydronephrosis. The kidneys in the remaining six
animals of the series were normal.
The sequential evolution of lesions, as well as the
correlation between parasitologic and pathologic
observations, suggests that the infection in chim-
panzees is more closely related to that described in
humans [35, 56] than it is to those in other monkey
models. Certain differences, however, still exist:
the involvement of the seminal vesicals, so typical
for human infections, is absent in chimpanzees,
whereas massive fibrous involvement of abdominal
lymph nodes in chimpanzees is very rare in man.
Renal lesions in S. haematobium infections, due
to depositions of immune complexes in glomerular
capillaries, have not been observed in experimental
models. The reports of deposits of immunoglobu-
lins, complement, and, perhaps, antigens in Egyp-
tian patients with S. haematobium infections [57]
(Ezzat, personal communication) deserve further
investigation.
The association of S. haematobium infection of
the urinary tract and bladder carcinoma in human
populations has been reported from several coun-
tries, but the evidence for a causative relationship is
still missing in experimental models [51, 54].
Evidence for immune complex type of renal lesions
Glomerular lesions mediated by antibodies can be
produced by at least two different mechanisms, as
described by Dixon [58-601. One mechanism de-
pends on the formation of antibody reacting with
components of the glomerular basement membrane,
in which case a smooth, continuous, linear pattern of
immunofluorescence can be seen when sections are
stained with appropriate conjugates. Lesions of this
type do not show localized electron dense deposits.
These findings have not been observed in schistoso-
miasis infections, although damage to the glomeru-
lar basement membranes could be expected by
parasitic antigens passing through glomeruli into
urine (see below).
The second mechanism depends on the formation
of immune complexes with exogenous or nonglo-
merular endogenous antigens in the circulation,
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which may be trapped in the mesangium and gb-
merular capillary walls. Another possibility is that
antigens or antibodies filtered through the glomeruli
are trapped in the capillary wall and then react with
the corresponding antibody, or antigen, so that im-
mune complexes are formed locally.
To confirm pathogenetic mechanisms of localized
immune complexes, either preformed in the circula-
tion and trapped in the glomerular capillary walls or
formed locally, we should be able to detect their
components (antigens, antibodies, and perhaps
complement) in the lesions.
Presence of immunoglobulins in glomerular le-
sions. Immunoglobulins were detected by the direct
immunofluorescence technique with either anti-to-
tal immunoglobulin or anti-immunoglobulin class
conjugates in all studies except one in experimental
models of S. mansoni and S. japonicum infections.
With respect to the long period necessary for devel-
opment of renal lesions, the presence of 1gM in the
lesions of most studies is rather surprising, as a typi-
cal "switch" mechanism from 1gM to IgG anti-
bodies occurs in S. mansoni infections in baboons
[291. Therefore, 1gM antibodies would be expected
in early lesions (as confirmed in some studies) but
not in late lesions. However, similar phenomena are
encountered in renal lesions due to other infections,
such as malaria [61, 621, and 1gM might not have
specific activity to parasite antigens in these cases.
Possibly 1gM is nonspecifically bound in the depos-
its, or else it may represent antibody to components
of deposited immune-complexes, for example, anti-
globulins of the rheumatoid factor type, immuno-
conglutinins, and so forth. The presence of 1gM
alone, without IgG, complement, or antigens, may
not be related to any injury at all because it has been
found in uninfected control animals [29] and in hu-
man controls [63].
The presence of IgA in glomerular deposits in
some studies confirms the findings of IgA specific
antibodies reported in other organs, mainly gut [64].
It, however, does not seem to have a special signifi-
cance at present.
The findings of IgE deposits in glomeruli with
positive lesions may be important pathogenetically
for several reasons. Dessaint et al [65] described IgE
with specific activity to parasitic antigens in sera of
rats infected with S. mansoni; these antibodies
formed only part of elevated total levels of IgE. The
possibility exists that antigen-IgE antibody com-
plexes may induce the lesions by increased vascular
permeability [38].
It should be noted that eluted immunoglobulins
from kidney tissue of infected animals (or humans)
showed specificity to parasitic antigens only in
some cases. Definite evidence for antiworm speci-
ficity of JgG eluted in acid conditions was reported
in human patients by Morie arty and Brito [66].
Demonstration of antigens in kidney. The first de-
scription of schistosomal antigens in the kidney was
reported by Natali and Cioli [26, 27] in mice in
about 20% of animals showing glomerular lesions.
They used indirect immunofluorescence with spe-
cific rabbit antischistosoma serum (that is, anti-
whole worms) after removal of excess host immu-
noglobulins in cryostat sections. Houba, Sturrock,
and Butterworth [29] were not able to detect
schistosomal antigens in baboons by direct immu-
nofluorescence, either on untreated cryostat sec-
tions or on sections treated with citric acid, except
for a few cases which showed fine granular spots in
the glomeruli. Countercurrent immunoelectropho-
resis of eluates, prepared from the cortex of kid-
neys, revealed the presence of worm antigens in the
majority of infected baboons. Similar results were
found by a modified technique [67], in which acid
homogenates of small pieces of tissue were used.
Antigens to whole worm were detected in the kid-
neys of five of the six baboons with severe lesions,
in many with mild lesions, and in a few animals
showing no immunoglobulins or histologic evidence
of injury. Egg antigens were also detected in some
of the animals in contrast to the generally accepted
feeling that egg antigens are related to lesions of the
liver and other organs, but not to kidney lesions in
S. mansoni or S. japonicum infections. Support for
the possible involvement of egg antigens in renal pa-
thology is given, however, by the following facts:
single-sex parasite infections led to a significant re-
duction, compared with bisexual infections, of gb-
merular lesions in mice [27]; a significant proportion
of immunoglobulins elevated during the infection in
mice consisted of antibodies specific for schisto-
some egg antigens [68]; soluble egg antigens and
relevant antibodies, presumably bound in immune
complexes, were demonstrated in the circulation of
infected baboons together with complexes com-
prising other (membrane associated and gut associ-
ated) antigens [69].
The detection of worm antigens in renal lesions of
animal models is in agreement with human studies.
Hoshino-Shimizu et al [63] found positive immuno-
fluorescent staining in 2 out of 12 patients with S.
mansoni showing renal lesions: for detection, they
used antiserum prepared by immunization of sheep
initially with homogenates of adult worms, followed
later by immunization with polysacharide-like frac-
tions of adult worms. Eluates of kidney fixed-immu-
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noglobulins showed specificity of antibody, not on-
ly to worm (digestive tract), but also to miracidia in
the sections of infected hamster's liver. Therefore,
the possibility that soluble egg antigens were in-
volved could not be entirely ruled out. Moriearty
and Brito [66], on the other hand, demonstrated in
eluates antibody activity directed towards the tegu-
ment and gut lumen of adult worm, but not against
eggs as tested in granulomas in a mouse liver. An-
drade presented evidence [701 that, in human cases
of S. mansoni, the antigens in renal lesions were
polysacharides of worm-gut origin. The in-
volvement of gut-associated antigens (poly-
charides?) in renal lesions is supported also by de-
tection of these antigens in urine (see below).
The presence of worm antigens in lesions due to
S. japonicum was reported by Tada et al [381 in Ma-
cacafascicularis monkeys. Jones et a! [411 were not
able to demonstrate any parasite antigen in rabbits
using sera from humans infected with S. japonicum
in the indirect immunofluorescent test.
The relation of deoxyribonucleic acid (DNA) to
renal lesions is discussed below.
Involvement of complement. Complement can be
activated by two known pathways, the "classical,"
by activation of the sequence from Cl component,
or by "alternate" pathway via the properdin sys-
tem. The presence of C3 together with immunoglob-
ulins in glomerular deposit was reported by Natali
and Cioli [27] in mice, and by Houba et al [29] in
baboons infected with S. mansoni; but no properdin
factor B was found in the latter study. De Brito et al
[23], using Cebus apella monkeys as the experimen-
tal model, did not find C3 in such deposits. Positive
C3 deposits together with immunoglobulins and an-
tigens were described by Tada et al [38] in Macaca
facicularis monkeys infected with S. japonicum.
Cavallo et a! [371, using chimpanzees with the same
infection, found only faintly positive staining for C3
and none for properdin factor B.
It seems, therefore, in most experimental models,
that complement-positive lesions exist in the major-
ity of animals, which therefore resemble the human
situation [631. Properdin pathway activation was
not confirmed in experimental models.
Pat ho genetic mechanisms of renal lesions due to immune
complexes
As mentioned above, lesions of the immune com-
plex type seem to be quite characteristic for renal
pathology in S. mansoni and S. japonicum infec-
tions. It is difficult to say, however, whether im-
mune complexes preformed in the circulation are
trapped in the basement membranes of glomeruli or
whether antigens or antibodies localize first and
then bind with the other. The available observations
allow speculation both ways, as circulating anti-
gens, antibodies, and circulating immune com-
plexes have all been detected in serum samples, and
antigens also have been found in urine samples.
Circulating antigens. Circulating antigens in S.
mansoni-infected hosts (experimental models or
man) were detected by different techniques, such as
immunoelectrophoresis, gel-precipitations, com-
plement fixation tests, countercurrent immunoelec-
trophoresis, and others [71-79]. Many of these anti-
gens showed properties (thermostability, solubility
in trichloracetic acid, and others) suggesting that
they are polysacharides. Demonstration of these
antigens correlated with the intensity of infection,
especially in the early stage of infection [72, 76, 781.
Other studies suggested the possible release of pro-
teins and glycoproteins from adult worms [80-82].
The first antigens demonstrated in sera after infec-
tion of baboons were gut-associated antigens, fol-
lowed later by membrane-associated antigens, and
finally by soluble egg antigens [69]. Hillyer et al [83]
described cercarial antigens, in addition to adult
worm and egg antigens. The main portion of circu-
lating antigens seems to be polysacharides origina-
ting from the schistosome gut [74, 78, 79, 84], and
these have been demonstrated also in urine [72, 78,
85]. Carlier et al [781 showed the presence of ther-
mostable urine antigen (called "M" antigen) in 80%
of infected patients: the incidence of this antigen
was proportional to the fecal egg counts and in-
versely proportional to the age of the patients. It
was interesting that specific antibodies to this anti-
gen could be detected in the sera of only about 40%
of the patients, and that the antigen was not detect-
able in serum. The authors speculate that this "M"
antigen is released from the adult worms into the
blood stream and then is excreted in the urine. The
levels of antigen in the blood are either below the
sensitivity of the tests used, or the antigens are
bound into immune complexes and removed from
the circulation, with possible dissociation, in the
kidney. In addition, "M" antigen was also detected
in milk from mothers infected with S. mansoni [87].
The presence of the circulating polysacharide anti-
gen in the Kupifer cells in livers of mice infected
with S. mansoni was described by Van Marck [86].
Circulating antigens in serum and urine were de-
scribed in S. japonicum-infected hosts by several
authors [83, 88—91]. Some of these antigens cross-
reacted with those of S. mansoni [92, 931. Hirata
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and Akusawa [94] found a circulating antigen in the
serum of rabbits from 5 to 7 weeks after infection
with S. japonicum, but not later on. Similarly, in
chimpanzees infected with S. japonicum, the anti-
gens appeared 6 to 9 weeks after infection but
cleared from circulation later on: their persistence
could result with renal damage [931.
Deoxyribonucleic acid (DNA) and anti-DNA
antibodies. Special attention has been given to the
presence of DNA and anti-DNA antibodies in sera
of hosts infected with both S. mansoni and S. ja-
ponicum [95, 96]. Hillyer et al [40] demonstrated the
presence of precipitating antibodies to denatured
Bacillus subtilis, calf thymus, and S. mansoni DNA
in sera of infected hosts. Hillyer and Lewert [281
found precipitating antibodies to DNA in sera of
seven out of eight hamsters infected with S. japoni-
cum, but they were not able to demonstrate DNA
although they found DNA in sera of some hamsters
infected with S. mansoni [40, 96].
In baboons infected with S. mansoni (Ahmad and
Houba, unpublished observations), significant in-
creases of antibodies to double-stranded DNA were
detected by radioimmunoassay about 1 month after
primary infection. Levels increased in some ani-
mals later on but remained steady or decreased in
others. There was flO relationship between antibody
levels and development of severe lesions in the kid-
neys.
The relation of DNA to tissue damage and renal
lesions is further supported by several studies. An-
drade and Susin [25], using S. mansoni-infected
mice, observed electron-dense deposits in mesangi-
al areas and along the glomerular basement mem-
brane, reminiscent of those which occur spontane-
ously in NZBIBL mice [97] and which have been
related to the presence of DNA and anti-DNA in the
circulation. Hillyer and Lewert [28] described in-
creased localization of tritiated B. subtilis DNA, in-
jected 1 hour before kidney removal, in the vascular
system of kidneys (including glomeruli) of hamsters
exposed to heavy infections of S. japonicum and
showing both renal damage and detectable anti-
DNA in circulation. Jones [98] demonstrated anti-
bodies to single-stranded DNA in rabbits, heavily
infected with S. japonicum, soon after the onset of
egg production. Rabbits infected with lower doses
showed delayed response of similar intensity. Only
one rabbit showed prominent affinity for the double-
stranded DNA, and it developed a severe nephropa-
thy.
Based on the observations described above, it is
believed that DNA plays a role in renal pathology.
It is possible that parasitic DNA may initiate the
lesions, either by depositions of DNA-anti-DNA
complexes as in systemic lupus erythematosus [99,
1001, or by initial deposition of DNA attributable to
its physical affinity for collagen substrates of the
glomerular basement membrane [101].
Serum proteins in the circulation. An increase in
total serum proteins occurs as the disease progress-
es in chimpanzees infected with S. mansoni and S.
japonicum [21, 71]. Alpha-i, alpha-2, and beta
globulin concentrations remained essentially unal-
tered, but marked increases in gamma globulin ac-
counted for the increases in total serum proteins. A
proportional decrease in plasma albumin concentra-
tion was observed in many animals, especially in
those with severe infections and glomerular lesions.
Chemotherapeutic treatment of chimpanzees infect-
ed with S. japonicum resulted in the prompt rever-
sal of most clinical symptoms and hematologic ab-
normalities, but the elevated immunoglobulin con-
centrations were not affected, and only partial
correction of hypoalbuminemia was observed [36].
Hypergiobulinemia was reported in mice infected
with S. mansoni [102], and the kinetics and class
specificity of hypergammaglobulinemia induced in
mice infected with 20 to 40 cercariae by intra-
peritoneal injection was studied in detail by Sher,
Mcintyre, and Von Lichtenberg [103]. Hyper-
globulinemia developed in two stages: during the
early stage, a slight elevation of IgG and IgG2
was found; later, a second dramatic increase was
observed, reaching a 5-fold to a 13-fold increase in
the concentrations of 1gM, IgA, and IgG1 in the
sera. The main increase was in IgG1 levels, reaching
a peak at week 12 after the infection. A significant
portion of this IgG1 consisted of antibodies specific
for schistosome antigens. The remainder of the IgG1
and all of the elevated 1gM had no demonstrable
specificity for parasite antigens.
The concentrations of total immunoglobulins in
human infections are usually elevated, but they may
be normal [81, 104-106]. In one patient, with renal
lesions, Hillyer et al [107] found significantly low-
ered concentrations of IgG.
The presence of antibodies to cercariae, adult
worms, and eggs in sera of infected hosts has been
known for a long time, and this finding has been
used in several techniques for serologic diagnosis of
schistosomiasis (for review see Refs. 85 and 108). In
man, the antibody activity against components of
adult worms was demonstrated in IgG, 1gM, IgA,
and IgE [65, 106, 109]. In baboons, 1gM antibodies
to membrane- and gut-associated antigens of the
38 Houba
adult worms appeared in the sera soon after infec-
tion, reaching a peak between 6 to 13 weeks. There-
after, they decreased, and even a challenge infec-
tion did not raise their levels. IgG antibodies ap-
peared later and increased markedly after challenge
infection [691.
The titers of antibodies described, however, are
usually lower than they are in other diseases, per-
haps due either to the constant supply of antigens
into circulation and the removal of free antibodies
bound into immune complexes or to other reasons.
Interactions of complement. The estimation of
complement components in sera samples of patients
infected with S. mansoni and S. haematobium
showed significantly decreased levels of some com-
ponents and increased concentrations of the C3d
fragment of the third component. In addition, in-
creased levels of immunoconglutinins were also re-
ported [851. These findings suggest an increased ca-
tabolism of complement components due to activa-
tion by immune complexes.
Immune complexes in the circulation. The pres-
ence of circulating antigens, together with relevant
antibodies, in the sera of hosts infected with schis-
tosomiasis suggests that both components are
bound in soluble immune complexes. The detection
of individual components depends on several fac-
tors but mainly on the ratio between them (antigen-
or antibody-excess type) and the aflnity of their
binding. Immune complexes with low affinity bind-
ing can easily dissociate during the handling of sera,
and both of the components can be detected sepa-
rately by ordinary techniques, such as gel-diffusion
tests, countercurrent immunoelectrophoresis at
neutral pH, enzyme-linked immunoadsorbent as-
say, as shown by several authors inS. mansoni and
S. hae,natobium infections [69, 110]. Immune com-
plexes with higher affinity have to be dissociated
(for example, by lowering pH) to demonstrate indi-
vidual components [1111 (Houba, unpublished ob-
servation).
Apart from these techniques for detecting the an-
tigens involved ("antigen-specific methods"), meth-
ods for the detection of soluble complexes inde-
pendently of the nature of the antigens involved
("antigen-nonspecific"), as applied in other dis-
eases [1121, were also used in schistosomiasis stud-
ies. Smith et al [1131, using the inhibition of com-
plement-dependent lymphocyte rosette formation
technique, reported the presence of immune com-
plexes in sera of 13 out of 21 patients with S. man-
soni or S. haematobium infections. Bout, Santoro,
and Capron [1141 found increased levels of Clq-
binding in sera samples of 56 Brazilian patients with
S. mansoni when compared with 14 sera samples of
normal human subjects: the mean level of immune
complexes was significantly higher in subclinical or
hepatointestinal forms than it was in the hepato-
splenic form of the disease. In further studies, they
were able to confirm the presence of IgG, 1gM, IgE,
and schistosomal antigens in these complexes [1151,
as well as high proportion of C3 and C4 components
of complement [871. They also reported a highly sig-
nificant correlation among three techniques used for
detection of circulating immune complexes, that is,
Clq-binding test, complement fixation test, and op-
tical density measurement after redissolving 3%
polyethylene glycol precipitates [116]. This is in
contrast to other studies, which showed lower lev-
els of circulating complexes, using the Clq-binding
test and polyethyleneglycol precipitation, in schis-
tosomiasis sera when compared with relevant con-
trols [1131 (Lambert et al, submitted for pub-
lication).
In mice infected with S. mansoni anti-
complementary activity in serum increased signifi-
cantly between 44th and 90th day of infection, in-
dicating the presence of circulating immune com-
plexes [1151.
Jones et al [411 reported high levels of circulating
complexes (estimated by the Clq technique) in two
out of ten sera samples of rabbits infected with S.
japonicum: these two animals developed diffuse se-
vere renal lesions.
The significance of DNA-anti-DNA complexes
has been discussed above.
Relation between dose of infection and time in-
terval to the degree of glomerular injury in animals.
In experimental models of S. mansoni, some of the
studies clearly confirmed a dose and time relation-
ship. In mice [27j, higher doses (100 cercariae) pro-
duced renal lesions, but not lower ones (20 cer-
cariae), and there was also a time-interval depend-
ency with lesions appearing at 50 days after
infection but not earlier (30 days). Similarly, Hillyer
and Lewert [28] found renal lesions earlier (7 days)
in hamsters infected with high doses than they did
in those infected with lower doses (from 49 days
on). The worm burden, however, did not appear to
be the limiting factor in the induction of renal dam-
age. Some of the animals with high worm burdens
(50 to 200 worm pairs) did not show any pathology,
whereas other hamsters, with worm burdens of as
little as 1 pair, had focal glomerulonephritis after
prolonged infection (37 weeks). The baboon model
[291 also revealed a partial but not absolute correla-
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tion: baboons infected with lower doses (200 to 500
cercariae) showed a very mild degree of injury, with
only segmental and focal deposits, and severe dif-
fuse lesions only occurred at doses of 1,000 to 2,000
cercariae 10 or more weeks after infection. Other
baboons, however, infected with even higher doses
(2,500 to 5,000 cercariae in either single or challenge
infections) did not show severe lesions, 18 to 78
weeks after infection. Furthermore, there was no
clear relationship with actual worm burdens, be-
cause adult worms recoveries were generally re-
lated to the number of exposed cercariae in most
animals. Da Brito et al [23] did not describe any sig-
nificant differences among three Cebus apella mon-
keys infected either with smaller doses (110 cer-
cariae) repeated 14 times or with higher doses (500
cercariae) repeated 7 to 12 times at different inter-
vals. All lesions were rather mild, with slight varia-
tions in the degree of injury. In 16 chimpanzees, in-
fected with up to 9,000 S. inansoni cercariae, no
substantial renal lesions were found, even in those
with severe infections of long duration [22].
In chimpanzees infected with S. japonicum, a
certain relation between the dose and time interval
was observed [35]. Low doses of infection did not
produce severe lesions, but higher doses (750 cer-
cariae and more), especially when given in several
doses, resulted in glomerular lesions in the majority
of animals during the earlier stages of infection. The
chimpanzee with the highest and longest infection
showed the most severe kidney lesion. In rabbits,
prolonged infections were necessary to produce dif-
fuse lesions [39, 41], but there was no dose relation
in the later paper. Lesions in hamsters were de-
scribed quite early (8 weeks) with slight differences
related to the dose; that is, between 5 to 20 worm
pairs recovered [28]. Cavallo et al [37] reported that
the degree of glomerular injury in chimpanzees was
related to infection intensity and degree and dura-
tion of portal liver fibrosis. Tada et a! [38] found a
dose relation in Macaca fascicularis, with glomeru-
lonephritis developing earlier in heavily infected an-
imals. Sadun et al [361 did not find any differences
between doses but described some relation between
duration of infection and degree of renal injury; the
relationship, however, was not absolute.
Frequency of renal lesions in experimental mod-
e/s. The frequency of renal lesions varied with re-
spect to the animal models, the dose of infection,
and the interval between primary infections and
kidney examination as described above.
In S. mansoni models, mild lesions developed in
the majority of animals, but severe lesions (that is,
diffuse involvement in more than 50% of glomeruli)
were present in about one half of mice [27] and ham-
sters [28]; in baboons, 6% showed severe lesions
regardless of dose and time, but in heavier infec-
tions of longer duration severe lesions were found
in 17% [29].
In S. japonicum, the most severe lesion devel-
oped in a chimpanzee with high infection of long
duration, and 8 out of 15 chimpanzees developed
less severe or mild lesions [35]. Sadun et al [361
found glomerular lesions in 4 out of 10 chimpanzees
infected and treated, and in 4 out of 7 animals in-
fected but not given chemotherapy. Cavallo et al
[37] described severe glomerular lesions in 6 out of
10 chimpanzees. In rabbits, about 20% had severe
lesions [411.
The experimental evidence has shown that renal
pathology in S. tnansoni and S. japonicum infec-
tions is due to schistosomal antigens released dur-
ing infections, and that the renal lesions are com-
parable to the immune-complex-type lesions de-
scribed in other diseases. It is probable that immune
complexes formed in the circulation localize in the
glomeruli, but the possibility that antigens filtered
through glomeruli localize first and bind with anti-
bodies later on cannot be excluded. DNA probably
plays a role in the development of lesions, but fur-
ther experimental work is needed to confirm this.
Mechanisms for perpetuation of renal lesions obvi-
ously are related to the constant supply of antigens,
but, before evidence for diminishing renal lesions in
cured hosts is available, the possibility of the per-
petuation of lesions by other mechanisms should be
kept in mind.
Relevance of animal mnodels to human situations
The marked variability in the development of re-
nal lesions among experimental animals infected
with schistosomes obviously is due to differences in
host-parasite relations of the individual species of
animals and the different strains of schistosomes
used for infection. Similar differences between ani-
mal models and man in schistosomiasis are known
to occur in immunologic responses, resistance to
reinfection, immunopathologic lesions in other or-
gans than kidney, and so forth [85]. Another impor-
tant factor in the development of renal lesions is the
relationship between the dose of infection, number
of exposures, and duration of infection.
In general, it seems that the frequency of renal
lesions is much higher in animal models than it is in
man (described in a separate chapter) because such
a prevalence in man would certainly give rise to
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considerable concern. To explain this difference,
we must consider several factors. First, the doses
used in animal models were probably much higher
than those to which man is normally exposed, in
whom most cases are derived from low infections.
Second, the renal lesions in model infections were
classified mainly according to the morphologic
changes at necropsy, and, with few exceptions, the
clinical symptoms were not studied. It has been
shown that mild morphologic changes of kidney
structure may precede the clinical symptoms, and,
therefore, many human cases may escape attention.
Third, the classification of the lesions seems to be
important for comparative studies: as explained
above, the deposition of 1gM without other com-
ponents and without histologic changes may be ei-
ther a transient condition or may not be relevant to
injury at all. The same may be true for focal seg-
mental lesions seen in several models. Perhaps, on-
ly lesions classified as "severe" are comparable to
the human situation. Finally, treatment of infection
may itself influence the development of renal injury,
as shown in one of the models, although this has not
been studied in detail or with new chemotherapeu-
tic drugs.
With respect to variability in the development of
renal lesions, it seems that some models are more
suitable for these studies than are others. It is my
opinion that those models that do not develop the
"self cure" phenomenon too early after infection
are most comparable to human situations, that is,
chimpanzees, baboons, and others.
Summary
Although there is a marked variability in the de-
velopment of renal lesions among individual animal
models of schistosomal infections, much has been
learned about the mechanisms leading to renal in-
jury. The lesions in S. mansoni and S. japonicum
infections correspond quite closely to the immune
complex type of lesions, with complement in-
volvement. The main antigens involved seem to be
polysacharides of worm-gut origin, but participa-
tion of other antigens (including soluble egg anti-
gens) cannot be excluded. Many observations testi-
fy to the localization of immune complexes, pre-
formed in circulation, but the possibility that
antigens, filtered through glomeruli, deposit in cap-
illary walls first and bind with corresponding anti-
bodies later on should be considered also. Deoxyri-
bonucleic acids also may play a role in the patho-
genesis. The perpetuation of the lesions is probably
due to constant supply of antigens. In some models,
renal pathology was related to the dose of infection,
but in others there was no relation to worm burden.
Renal pathology in S. haematobium infections is
different, being related to the lower urinary tract,
with obstructive lesions causing pyelonephritis and
hydronephrosis.
Reprint requests to Dr. V. Houba, World Health Organization
Immunology Unit, Geneva, Switzerland
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